Background. Overuse of urine testing is a driver of inappropriate antimicrobial use. Limiting wasteful testing is important for patient safety. We examined the national prevalence and patterns of urine testing during adult inpatient admission in the United States.
Unnecessary testing is widespread in healthcare. In the United States, the Choosing Wisely Campaign was launched in 2012 to encourage providers to reduce commonly performed tests that are not supported by evidence and contribute to waste [1] . Reducing unnecessary screening for asymptomatic bacteriuria is endorsed by 6 professional societies in the United States and is recommended by many Choosing Wisely campaigns internationally [2, 3] . The presence of a positive urinalysis or urine culture, even in a patient without urinary symptoms, is a powerful stimulus for antibiotic treatment [4] [5] [6] [7] [8] . Unnecessary treatment exposes patients to significant morbidity, including adverse drug events, Clostridium difficile colitis, and infections with resistant organisms [9] [10] [11] [12] [13] . Judicious use of urine testing (urinalysis and urine culture) is important to reduce waste, protect patient safety, and conserve effective antibiotics [14] .
Despite the interest in reducing waste associated with urine testing, information regarding the number of hospitalized patients that receive urinalyses and urine cultures is limited. The prevalence of urinalysis testing during adult inpatient admissions is largely unknown; a few studies from single institutions with academic affiliations have reported that 43%-62% of patients admitted through the emergency department receive a urinalysis [5, 15] . The validity of these results for a larger, national sample and their comparability to urine culture testing frequency are unknown. Although prior studies have identified patient-level factors that contribute to clinicians' decisions to treat asymptomatic bacteriuria, it is unclear which factors are associated with the initial decision to order a urinalysis or urine culture [7, 8] . Based on the available literature, we hypothesized that urine testing would vary by patient age, sex, and presenting condition and that this variation might not be clinically appropriate [5, 7, 15] .
The aims of this study were to describe the frequency and patterns of urine testing in the United States using a national dataset to describe the prevalence and timing of urinalysis and urine culture testing during adult hospital admissions in the United States. We hypothesized that urinalysis and urine culture testing would vary by admitting diagnosis, based on a model of clinical appropriateness of urine culture testing and need for antibiotics. Finally, we examined whether patient-level factors (age, sex, and antibiotic use) were associated with orders for urinalysis and urine culture on admission.
METHODS
This study used an existing national dataset from The Advisory Board Company, a healthcare best practice, research, and technology firm. The database is based on hospital billing and administrative data across inpatient and outpatient settings in the United States, and contains detailed information around patient encounters, such as diagnoses, procedures, charges and costs, physician roles and participation, and administrative outcomes. Limited patient demographics and facility characteristics are collected. This dataset is deidentified in accordance with the Health Insurance Portability and Accountability Act Privacy Rule and may be used for research studies [16, 17] . Data include 22 million inpatient encounters and 52 million ambulatory encounters. The database offers a cross-payer perspective, including encounters covered by commercial insurance, government insurance, self-pay, and charity care. The dataset is generally representative of hospitals across the United States, other than a shift away from small (<50 bed) facilities and away from facilities in the western United States (differences are ≤5% from the national average from the American Hospital Association).
Study Sample
We identified all inpatient admissions for patients aged ≥18 years with a hospital length of stay of ≤30 days. The Infectious Diseases Society of America recommends withholding urinalysis and urine culture in patients who do not have symptoms specific to the urinary tract, unless the patient is a pregnant woman or undergoing urologic procedures where mucosal bleeding is anticipated [18] . Guidelines developed for specific groups, such as patients with indwelling urinary catheters, recommend urine culture testing only when signs or symptoms of a urinary tract infection are present [19] . To exclude admissions where tests may have been sent to screen for asymptomatic bacteriuria, we excluded all admissions for pregnant patients and hospital stays with a urological procedure code or a hospital diagnosis of hematuria using International Classification of Diseases, Ninth Revision (ICD-9) and Current Procedural Terminology codes (Supplementary Materials). Admissions where the admission type was unknown were excluded. We included all emergency, urgent, elective, and trauma center admissions that met our eligibility criteria [20] .
Measures and Variables
To measure the number of urinalyses and urine cultures sent during inpatient admissions, we identified charges submitted for urine testing. We recorded the day the charge was submitted (hospital day 1, day 2, etc). Codes for urinalysis and urine culture charges included in the analysis were identified by manually reviewing an aggregate list of charge names for urine tests. Urinalysis data were aggregated to determine the prevalence of urinalysis ordering, the total number of urinalyses ordered during each admission, and the distribution of urinalyses ordered by the day of admission. Urine culture data were aggregated similarly.
Quasi-Poisson Regression Model for Urinalyses and Urine Cultures
A facility-level fixed-effects quasi-Poisson regression model was used to examine the impact of covariates on urine testing during admission. The facility-level fixed-effects quasi-Poisson model was chosen to control for the facility effects on the outcome and to account for any overdispersion in the data [21] . A multilevel Poisson model with random intercepts and a negative binomial regression were performed; results were substantively similar to the fixed-effects quasi-Poisson model. Unique patients could have >1 admission in the analysis. Separate models were developed for the following outcomes: the number of urinalyses sent on the first day of admission, the number of urinalyses sent during the entire hospital stay, the number of urine cultures sent on the first day of admission, and the number of urine cultures sent during the entire hospital stay. Each quasi-Poisson model was developed using a random sample of approximately 30 000 hospitalizations from the cohort of hospital stays meeting our inclusion criteria. Any predictor that failed to reduce the model deviance by >1 in a given 30 000 sample was deemed inconsequential and excluded from the model. This was done repeatedly until ten 30 000 samples in a row produced the same set of coefficients. Dispersion was close to 1, ranging from 0.8 to 0.9 for all models. Incidence rate ratios were calculated from the exponentiation of the coefficients from the quasi-Poisson model. Models were developed using R statistical software (version 3.2.2).
Analyses by Principal Diagnoses
To examine the differences in testing by principal diagnosis, we first classified diagnoses by the clinical likelihood that a urine test would be part of a routine diagnostic evaluation and antibiotics part of a routine treatment plan. The diagnoses were discussed and agreed upon by the clinician investigators (a hospitalist, infectious disease specialist, and geriatrician who provide inpatient care) prior to starting the data analysis. Three broad categories were identified: (1) routine culture testing not indicated and antibiotics not indicated for the principal diagnosis (acute myocardial infarction, congestive heart failure); (2) routine culture testing not indicated, but antibiotics indicated for the principal diagnosis (cellulitis, pneumonia); and (3) culture testing likely indicated for evaluation of the principal diagnosis (urinary tract infection, diabetic ketoacidosis). The specified principal diagnoses were identified by ICD-9 codes from definitions used by the Centers for Medicare and Medicaid Services or published literature (Supplementary Materials) and included as covariates in the quasi-Poisson regression model.
Analyses by Patient-Level Characteristics
Patient-level characteristics included as covariates were patient age, sex, ethnicity, hospital length of stay, number of discharge diagnoses from admission, Elixhauser comorbidity index, All Patient Refined Diagnosis Related Groupings (APR-DRG) severity level, APR-DRG mortality level, presence of a hospital readmission within 30 days, and receipt of antibiotics during the hospital stay [22, 23] . To explore the differences in urine culture testing for different combinations of patient-level factors, we used the regression model to simulate the predicted number of urine cultures per 100 patients by age for each of the prespecified principal diagnoses. We simulated the model under 4 different conditions based on sex and antibiotic use: women with antibiotic use, women without antibiotic use, men with antibiotic use, and men without antibiotic use. For each of the principal diagnoses, we first modeled the number of urine cultures per 100 patients using the estimates from the quasi-Poisson regression to create a best-fit line for each of the 4 conditions. We then simulated each of the 4 conditions 100 times using almost-best-fit estimates from the normal distribution for each variable. This simulation method provides a visual display of uncertainty around the best-fit line. All other variables in the model were held constant.
Ethics Statement
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RESULTS
Between 1 January 2009 and 31 December 2014, the database contained 4 473 655 adult admissions from 263 hospitals that met our inclusion criteria (Supplementary Materials). Patients' mean age was 62 (±18) years and 2 055 407 (46%) were men. Median length of stay was 3 days (interquartile range, 2-6 days). The majority of admissions included in the cohort were at hospitals with a teaching affiliation (n = 2 662 426 [60%]), and half of the admissions were at hospitals with ≥400 beds (n = 2 286 796 [51%]) ( Table 1 ). The majority of admissions were emergency or urgent (n = 3 515 394 [79%]).
Prevalence and Frequency of Urinalyses and Urine Cultures
At least 1 urinalysis was sent in 2 086 697 (47%) hospital stays, with 584 438 (13%) including >1 urinalysis (range, 2-42; total number of urinalyses, 2 872 019). Urine cultures were sent in 1 197 242 (27%) admissions, with 246 211 (6%) including >1 urine culture (range, 2-19; total number of urine cultures in sample, 1 513 785). Among admissions that included a urine culture, 12.3% had >1 urine culture sent every 2 days on average. The majority of urine tests were sent within the first 2 days of the hospital stay (n = 2 004 578 urinalyses; n = 1 010 939 urine cultures) (Supplementary Materials). Among admissions at teaching hospitals, 45.6% had at least 1 urinalysis (n = 1 215 102) and 25.5% had at least 1 urine culture (n = 678 612). Among admissions at nonteaching hospitals, 49.0% had at least 1 urinalysis (n = 672 446) and 29.2% had at least 1 urine culture (n = 401 245). For admissions at hospitals with ≥400 beds, 46.9% had at least 1 urinalysis (n = 1 073 041) and 25.3% had at least 1 urine culture (n = 579 972). Table 2 provides the number of admissions with a urinalysis or urine culture for each of the 6 prespecified principal diagnosis groups. The incidence rate ratio for urinalyses and urine cultures sent on the first day of the admission varied by principal diagnosis (Table 3 and Supplementary Materials). Diagnoses where urine culture and antibiotic use would not be routinely indicated were associated with fewer urine cultures sent on the first day of admission. For acute myocardial infarction and heart failure admissions, there were 35% and 29% fewer urine cultures sent on the first day of the admission compared to all other admissions in the sample (P < .001 for both). For diagnoses where urine culture could be indicated as part of an inpatient workup (diabetic ketoacidosis and urinary tract infection), there were significantly more urine cultures sent on the first day of admission (P < .001 for both). Results were mixed for our 2 representative diagnoses where antibiotics would be indicated, but urine culture would not be routinely needed. For cellulitis admissions, fewer urine cultures were sent on the first day of admission, while admissions for pneumonia had no statistically significant difference in urine culture testing compared to all other admissions in the sample. Similar findings were seen in the association between principal diagnosis and the total number of urine cultures sent during the entire hospital stay, with the exception of acute myocardial infarction, in which there was no longer a statistically significant decrease in the number of urine cultures sent (Table 4) .
Urinalyses and Urine Cultures by Principal Diagnosis

Impact of Patient-Level Factors on Urine Culture Testing
Women were more likely to have a urinalysis or a urine culture sent on the first day of admission and during the entire admission compared to men (Tables 3 and 4 , Supplementary Materials). Increased length of stay, higher Elixhauser comorbidity index, and receipt of antibiotics during the admission were also positively associated with urine culture testing. For each of prespecified principal diagnoses, women were more likely to have urine cultures on the first day of admission than men, and patients who received antibiotics during the hospital stay were more likely to have a urine culture sent on the first day of admission than patients who did not receive antibiotics ( Figure 1 ). The association between age and urine testing demonstrated higher rates of urine testing on the first day of admission for younger (<30 years) and older patients (>80 years). Trends were similar for urine cultures sent during the entire admission (Supplementary Materials).
DISCUSSION
In our exploration of the national prevalence and patterns of urine testing in the United States, we demonstrated that almost half of the admissions in our sample included a urinalysis, and nearly one-third included 1 urine culture. More than 12% of admissions with a urine culture charge had >1 urine culture sent every 2 days on average, a testing frequency that exceeds the bounds of time (typically 48 hours) required to determine the results of a urine culture. Testing frequency was lower for diagnoses without an indication for routine testing. The impact of female sex and extremes of age on increased urine culture testing was consistent across principal diagnoses and may reflect clinician-level factors that bias toward suspecting urinary tract infections in these specific patient populations. Our findings confirm a high prevalence of urine testing across a widely representative sample of United States hospitals, with repeated and frequent testing during many admissions. Among admissions with a charge for urine culture, 1 in every 5 hospital stays included charges for >1 urine culture. Prior studies have demonstrated that 58%-68% of urine cultures sent in the hospital are not clinically indicated based on published guidelines [4, 24] . Assuming that the initial and repeat testing within our cohort include a similar degree of unnecessary urine culture testing, adherence to guideline recommendations would have resulted in up to 1 000 000 fewer urine cultures being sent. Our findings demonstrate evidence for clinical discrimination in deciding which patients require a urinalysis and urine culture [4, 5, 24] . Patients with principal diagnoses that did not have an indication for routine urine culture testing or antibiotic use were less likely to receive a urinalysis or urine culture test on the first day of admission compared to the rest of the sample. For diagnoses that required antibiotics but did not have an indication for routine testing (cellulitis and pneumonia), the results were mixed. This may be explained by the fact that cellulitis is often diagnosed by clinical examination alone, while pneumonia admissions may undergo a systemic infectious workup that includes urine testing. The discrimination found in testing by diagnosis is important as it demonstrates the role of presenting condition in the mental models clinicians use to determine who requires testing [8, 25] . Future interventions to reduce urine testing may be able to build upon these mental models that recognize that a patient with heart failure is less likely to need a urine culture than one with pneumonia.
Our findings demonstrate that patients who receive antibiotics during their hospital admission are more likely to have also received a urine culture on the first day of admission. Recent literature suggests that inappropriate, often reflexive, urine testing performed in the emergency room contributes to excess antibiotic use during admission [5, 15] . A substantial number of urinalysis and urine cultures in our national sample were ordered on the second day of the admission or later. This evidence suggests that testing stewardship interventions will have to focus on both emergency room providers and inpatient providers.
In our analysis, female sex was associated with a higher likelihood of having a urine culture sent on the first day of the admission regardless of use of antibiotics during the hospital stay, diagnosis, or age. Although women are more likely than men Results repeated with 10 different random samples of 29 855 hospital admissions from the original dataset of admissions. Results shown were robust in repeated samples. An incidence rate ratio of 0.86 indicates that a patient with a principal diagnosis of heart failure was 14% less likely than the entire sample of patients to receive a urine culture at any time during the hospital admission. a Log transformation.
to be hospitalized for urinary tract infection, there is no clinical reason to expect that among patients admitted for congestive heart failure or cellulitis, women would require urine testing in excess of men [26] . While urinary tract infections and hospital admissions for urinary tract infections are common in elderly patients, sex differences in urinary tract infection rates narrow as patients age [27, 28] . The persistence in the sex difference in urine culture testing across ages demonstrates the potential role of cognitive biases as a source for the inconsistencies that may exist between current practice patterns and clinical need [8, 29] . Our study has several limitations. Urine tests were measured by charges for a test, not by tests with an actual result. Only charges that were clearly a urinalysis or urine culture were included in the analyses, which may have resulted in the exclusion of some urine tests with ambiguous charge names and an underestimation of the prevalence of testing. We do not know the indication for testing, how many of the tests were positive, and whether the antibiotic use we observed was in response to a urine test. Prior studies have demonstrated that urine testing in the hospital often does not meet clinical guidelines and that patients are often treated in the hospital inappropriately for asymptomatic bacteriuria [4, 5, 7, 15, 24] . We also do not know whether the patients who were tested had an indwelling urinary catheter; however, catheters are used in a minority of patients nationally [30] . Strengths of our study include the broadly representative sample, both of hospitals and of patients.
This study provides the first national estimate of the frequency and patterns of urinalysis and urine culture testing at the time of and during inpatient admissions in the United States. The harms of unnecessary medical tests have become increasingly clear. Studies repeatedly have shown that inappropriate urine testing leads to inappropriate antibiotic use. Despite this knowledge, urine testing continues to be routine for hospitalized patients nationally. Interventions to decrease unnecessary urine testing are needed, and the predilection for testing that we observed based on patient sex, age, and diagnosis can help guide the design of these interventions [31] . Our work suggests that successful antibiotic stewardship will need to consider aspects of "testing stewardship" as part of a comprehensive program focused on urinary tract infections and asymptomatic bacteriuria.
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